Aromatase reaction of 3-deoxyandrogens: steric mode of the C-19 oxygenation and cleavage of the C10-C19 bond by human placental aromatase.
Aromatase is a cytochrome P-450 enzyme complex that catalyzes the conversion of androst-4-ene-3,17-dione (AD) to estrone and formic acid through three sequential oxygenations of the 19-methyl group. To gain insight into the catalytic function of aromatase as well as the mechanism of the hitherto uncertain third oxygenation step, we focused on the aromatase-catalyzed 19-oxygenation of 3-deoxyandrogens: 3-deoxy-AD (1), which is a very powerful competitive inhibitor but poor substrate of aromatase, and its 5-ene isomer 4, which is a good competitive inhibitor and effective substrate of the enzyme. In incubations of their 19S-(3)H-labeled 19-hydroxy derivatives 2 and 5 and the corresponding 19R-(3)H isomers with human placental microsomes in the presence of NADPH under air, the radioactivity was liberated in both water and formic acid. The productions of (3)H(2)O and (3)HCOOH were blocked by the substrate AD or the inhibitor 4-hydroxy-AD, indicating that these productions are due to a catalytic function of aromatase. A comparison of the (3)H(2)O production from S-(3)H substrates 2 and 5 with that from the corresponding R-(3)H isomers revealed that the 19-pro-R hydrogen atom was stereospecifically (pro-R:pro-S = 100:0) removed in the conversion of 5-ene substrate 5 into the 19-oxo product 6, whereas 75:25 stereoselectivity for the loss of the pro-R and pro-S hydrogen atoms was observed in the oxygenation of the other substrate, 2. The present results reveal that human placental aromatase catalyzes three sequential oxygenations at C-19 of 3-deoxyandrogens 1 and 4 to cause the cleavage of the C(10)-C(19) bond through their 19-hydroxy (2 and 5) and 19-oxo (3 and 6) intermediates, respectively, where there is a difference in the stereochemistry between the two androgens in the second 19-hydroxylation. It is implied that the aromatase-catalyzed 19-oxygenation of 5-ene steroid 4 but not the 4-ene isomer 1 would proceed in the same steric mechanism as that involved in the AD aromatization.